Objective: To address the question of how the CNS generates muscle activation patterns for complex gestures, we have chosen to study a figure-eight movement. We hypothesized that the well defined rhythmic aspect of this figure will provide further insights into the temporal features of multi-muscular commands. Methods: Subjects performed, as fast as possible, figure-eights initiated in the center of the figure with 4 different initial directions and 2 positions of the shoulder. We extracted the temporal modulation of the EMG patterns by calculating conjugate cross-correlation functions. Results: (1) The muscular command was tuned with respect to the rotational direction of the figure-eight, (2) two sets of synergistic muscles acted in a reciprocal mode, and (3) these reciprocal commands presented an invariant temporal correlation with the spatial component of the velocity having the highest frequency. Conclusion: Our results suggest that the rhythmic features of certain drawing movements favor the partitioning of the muscles into synergistic groups acting in a reciprocal mode. The inclusion of an individual muscle in one group or the other takes into account the expected number of changes of direction in the movement as a whole. Significance: Muscular temporal synergies may depend on the rhythmic features of the trajectory.
Introduction
A central problem in motor control research has been to understand the different processes that link the planning and execution of goal-directed movements. For any such movement at least two main processes must be carried out by the CNS: (1) coordinate transformation of sensorimotor information (Soechting et al., 1986; Flanders and Soechting, 1992; McIntyre et al., 2000) and (2) serial ordering of motor sequences (Lashley, 1951; Carpenter et al., 1999; Averbeck et al., 2002) . Sensorimotor coordination begins with the integration of multiple sensory signals conveying information about the spatial field of action, represented in an extrinsic coordinate frame, and ends in the building of muscle activation patterns expressed in an intrinsic coordinate frame. In addition, when the movement consists of producing an integrated motor sequence, such as when manipulating a tool or drawing a learned shape, a serial ordering of motor sequences is organized even before the action begins (Averbeck et al., 2002 (Averbeck et al., , 2003 . Given the complexity of such processes, a remarkable feature of human motor control is the ability to rapidly reproduce the same gesture in different directions and in different regions of external space, without the apparent need for extensive reprogramming or adaptation. This performance requires the selective mapping and sequencing of the central command, taking into account the dynamic behavior of the musculoskeletal system (d'Avella et al., 2006; Buneo et al., 1997) .
Insight has been gained into the processes of sensorimotor transformations by examining the coordinate frames that are represented at different levels of the motor system. In motor cortex (M1), neurons involved in extrinsic (Georgopoulos et al., 1982 (Georgopoulos et al., , 1986 Georgopoulos, 1999; Schwartz, 1992; Fu et al., 1993; Moran and Schwartz, 1999) and intrinsic encoding coexist (Evarts, 1968; Kalaska and Crammond, 1992; Kalaska et al., 1997; Kakei et al., 1999; Wu and Hatsopoulos, 2006) . The transformation from extrinsic to intrinsic coordinates can also be produced by spinal mechanisms, like those described in the frog (Saltiel et al., 1998; Tresch et al., 1999 Tresch et al., , 2002 , or in the cat (Poppele and Bosco, 2003) . Finally, at the muscular level, both intrinsic and extrinsic coordinates of the movement modulate
